esp@cenet - Document Bibliography and Abstract 



1/1 ^— >^ 



lll-V COMPOUND SEMICONDUCTOR FILM AND GRONATTH METHOD, 
GAN SYSTEM SEMICONDUCTOR FILM AND ITS FORMATION, CAN 
SYSTEM SEMICONDUCTOR STACKED STRUCTURE AND ITS 
FORMATION, AND GAN SYSTEM SEMICONDUCTOR ELEMENT AND 
ITS MANUFACTURE 

Patent Number: JP1 031 2971 

Publication date: 1 998-1 1 -24 

Inventor(s): SUNAKAWA HARUO; USUI AKIRA 

Applicant(s):: NEC CORP 

Requested Patent: p jpi 031 2971 

Application Number: JP1 9980062760 19980313 
Priority Number(s): 

IPC Classification: HOI L21/205 ; C30B29/40 ; HOI L33/00 
EC Classification: 

Equivalents: JP31 39445B2 



Abstract 



PROBLEM TO BE SOLVED: To suppress the introduction of defects by suppressing cracks generated 
by difference in the thermal expansion coefficients between a growing lll-V comp. semiconductor layer 
and a substrate crystal, and a difference in grid constants. 

SOLUTION: Through the use of a substrate limiting a growing region 13 by a mask 14, the facet 
structure of a lll-V comp. semiconductor film 15 is formed (b) by epitaxial growth, for growing (c) the 
facet structure to cover the mask 14, In addition, the facet structure is completely embedded (d). A lll-V 
comp. semiconductor layer with a flat surface is finally formed (e). 
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[0 0 5 6] (m 4 (omis^comm) ^^m<Dm4(omm 

(omWzr>i^X^ me i:0mLXSimT^c. 

JO lO 0 5 7] m4<DmM(Ommi^. GaN^^mt^t^. 

Bm^.^'^t^^m^t)m^j:^mm±{z. ^\(D%m<om 

%(r>^'d^^'y^jV^^^nWi LTG a NS^^i^J?^ 
^^SL. ^ bdCOG a N^iji^flciPM±{c:G a 

[0 0 5 8] %4(nm^(Omi^X\%G a^^^.^mW^m:±. 
COG a N^i)^**^^^ LTG a N»^^<*:^^^^^ 

[0 0 5 9] ficae^ic, m^um\z-^y^i7 ^it^jslx.^ -7 

;^ h y y >^-<— fed: ^7:i^:y V y ^X^^ t 

^i^.^^f^^i^SSO^T^C^SSttipfilClG a N^^Sfls: 

[0 0 6 0] '^7.^^m&^m'^(01^^^t LTfi. ^1 
O^J£(0?g^O|ft^C0 J: b \Z^^mm(r>G a N^^^fls: 

[0 0 6 1 ] ^fc(C^:^^«(C^LG a N^^^^^OaLb' 
i5^:^v'^yU^:^S:fT9o G a N^^^i*:o^S:^fefi. I 
I IiSJ[^J|SHc;«/y r>A (Ga) hm\Li^m (HCl) O 
^;^;^^^Tfc5*g{k;^y 'i^i. (GaCl) b^fW^mM 
30 \ZT>^=^T (NH3 ) ;*^;^^^V^'5^N-r K^-f KVP 
Effi2)Sjf^LV>;d^ ^m^WkWL^^niSL^m (MOVP 
E) ^fflv^Tt>i:v\ 

[0 0 6 2] G a N^^^^C03ib'i$^^v'-^/U^:S|j:, 
Hi (?:)^teO?i^flg^f^«(C, G a N^^aS<$:2!iS|;j^^j5g 
TJi-^;^ ±l-^Sii:-f -e*SSj«S;55g r 

[0 0 6 3] ^fc:'i$^^'>-\'/U^SS:Jg!tt5<b. G a N^^ 
40 tmtffzit^. ^^mmfznxfj:<'^:^^^mo Xoizfj: 

^n. &f(i^^\zit. w-^^jimm^^ir^G a r^m^mt^ 

[0 0 6 4] ifedG a NS^^fl:JK±{CG a N^^^igi*: 

%*^^<^)^^fliit^f^sii-5o G aNjfii^mt^m^m 

so litX\ nMGaNjg. n S A 1 G a N ^ h ii. n 
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MC a biyttf^ KH. T.y F—Zf I n G a Nft^^#FJi 

tr>h' — yi n G a NP^ig^7!>*b^<^'5^SS^^Ft» 
mf^^m. pSAlGaN^. pmc a N±tf^ h^m. 
pMA \ CaN^yy h*m. p SG a N = > ^ ^ 

[0 0 6 5 ] 8:11, \y—f-mm^mf&Ltzmi^^mm 

§/^^Z±y h L. Sffi. S i O2 -^^^ . ^XX/G aN7^ 
[0 0 6 61 S 4 cDHlgcoJF^figC: J: »j i^lTo^am;^^^^ 

[0 0 6 7 ] ^1 (Dmm(Dmm(D:^\l'^:ir^>^yl^f$.S:X- 
nbtlfzG a N^i}^^f^J^±i;:G a N^i(^^S(*5g^fllit 

^m:Xmmtfj:^X\^^fzG a N^^^^$:^^^?|ig{c:fott 

[006 81 ^ bt-G a N^it£^^«s:^^;55G a N^^« 
<i:;6JT-t ofii!^. 9 1::: K^-r^i^'^^v^^^^i 

?if^KxmTa;t^^G a N^^^^mo^sicff^^t-^ 

[0 0 6 9] ^fzG aNT^.^mi^^ytm'T-t^^G al^^.^^ 
mi^l—^(Om^it.. ^S^aX^^*^<}^^j:\^^G a N^^^^ 

t^ic J: 19 G a N7^.^mf^iy-'^mm<D^m^^ v-m 

[0 0 7 0] fj:^^ f^4<Dmm(Dmmit.±U(Dm.m\:im 

[0 0 7 1 1 f?ijx:*^. G a^^^^^m^^m(D:r^\l'^^iy^ 
^i^f&^itmi<Dmm(r>mWitzifxfj:< . m2(Dnm.<om 

[0 0 7 2] ^h\:iG aUlk^mWm±,\Z.G aNlh^m^ 

tzt)K G aN7^.^mi^mmj$.m{zmm. -^;^^<hGaN 
^^mt^m(D-^i:m^Lfz^k\^G a N^^2S(^^^(7> 

[0 0 7 3] G aN?h^m»m:^>bmiR. -^^^^ 

i:^.=^\^fzm^^m\.fzt-. G a ^ik^^.^m}z\zmis. 

$n/tG a ^lh^MW-m=i'(D'i^^u^m)\^fzVl%tz\^-(n 

[0 0 7 4] ^ h\z:^mm(r>j[m\zm\^^^'7::^^ t Lx 
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<Dmm\Z^it^GaN^.^^m^mtLXi'tGaN. Al 
G a I n G a N ^;i5^lf ;55G a N/^^S t^SJ^ 

[0 0 7 5 J ^tzG a N,^i|^^^(*^^ ^ LTfi. G a N 
7^.^m^t^i^'-1f^G a L E D^OG a N^^^^^ft^ 
7t^^ OftHiC F E T B T /j^ <b'<^)7^x<^ ;^ (Cfc jgffl ^ 

[0 0 7 6] 

JO Wtm-t^o 

[0 0 7 7] (^lO^JS^'J) *:^0>^^7:>II^S^J(Col^ 

(0 0 0 1) Si^^T-rr (A 1 2 03 ) Sffii 

1 1 n mm&(Dmm(DG a NJK.l 2 i:a?:?Jf^ 
fiJcL^cSffi^r^l/^fCo COG a NMl 2g®i;:S i O2 

^:yifX'^:^i; 1 4 i:^Sffi«ci 3 ic^J-Bt L:/ho 

^1 3ib^J:t/-7;^i5^ 1 4fi. -^n^nS ;i m*5j:t/2 /i 

-2 0>:&f6]<b Lfc ( (Hi (a) ) , 
[0 0 7 8] 1 3 (il^S-f-^ G a 1 5 fl. 

I I im^.m^i^') (Ga) (hi^il^TK^ (HC 1 ) 

(OR^Z^^^mX^^m^it:^ ^ J>^ (GaCl) <JrVKiS 

^tc:TV^=^T (NH3 ) ;«/:^^fflv^S/N-r K^-f K 
vPE&^ffiv^:^Co S^l 1 ^/N^ K^-r KO^:^^^© 
(CirryhL. *^#:ffl^T'^:graS 1 0 0 0 T:(C#?a-r 
5o J5icS^lE2!>5^^LT;i)^e>. HC 1 2 0 c c/ 

S55^r*«^??^L. NHsSSJrl 0 0 0 c c/^^>T-55>S 
S#^if^i-5 C t X\ f&^m^ 1 3 {;iG a 1 5 (7) { 1 

-10 1} ®7!>^b/,^5:7r ir-^' hmi&^^&^'tfz m 
1 (b) ) . ^blc, 2 O^^HSS^itfiJ^Js^v'^y^^S 
^^ft. 1 4 ?rS?) ^T*:7r-fe';/ h«3§l 6 

it$it/i ((Hi (c) ) o 

[0 0 7 9] ^t'i$':3ei/-^/u^S^ggtt^w<>r{wct»9P^ 
r-ir-;/ h«it^S«!)iZ.i^ (HI 1 (d) ) . S*^Wtw*i. 

5 nf^<DjS.^X 2 0 0 u m^gO^±8/^S® ^^rr 5 G 
a Nm^Jf^^it-fc mi (e) ) o G a N^l 5 ^JFJ 

f^SLS:mm.x^^^m\^fz. 

40 [ 0 0 8 0 ] m 1 <7:)|l5S0ijT'{i^:^^igc^^JP5i-5315^ 

^:^{::ci: "0 . mm.t^ {1-101} -mt^hf^^y r^y 

i&^WS.t^^(r>'^X'0^i^\i^fzmz^fix<^^ yr-^y 
ht'-^fxhnti{-±. m^tmmcwrjx\.^fzm{ii^K yr 

-^y V(nW^^XZ<D->5^^Wn^z.t■b-X^fl,< 

[0 0 8 1 ] ^^m\zx^^^\^tz'i^^n^wmz.m-<^ 

Zix\zX^. =^\:i*9^iy^J\^m:^(r>X^&<0^mt''^ 
50 tfe)tt^»o 
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[0 0 8 2) mi(ommmi^x^xmf^^ixfzc a Nm 

mm'^\Z'pt^<\ Xf&mm\±\ 0^ cm2 mgT'fc 
[0 0 8 3] LfcG a N^li^J^Pfi;)^^^^ 

[0 0 8 4] ^h\z^yT-<rm^i 

T^^-rSCibT-. G a NlKl 5^SS*ti|sfi: tr^V^ 
[0 0 8 5] ^IfOHJ^S^yT'li. G a N^Oni t:•^5^:3eC/ 
(MocvD) ^m\f^xiym 
i«?t^am75q#«bix^o ^/t A 1 2 03 1 1 ^^v^^c 

t*^. SiSffi. ZnOSIS. S i CSffi. L i G a O2 

sffi. MgAi2 04 s«^^fflv^Tt>^5]^7:^^m 

[0 0 8 6] ^fz-^T.^ 1 4 ^: LTS i O2 '^Wi\t^tL 

t-z.fy.\z.m.hf\.^h<^x\'tfii<. s i Nx ^oite^* 

>ta*;&^#6tt5o $ h^-<:7^^< 1 1 - 2 0 > 
SiSo:^r^< 1 - 1 0 0 >T't> ct < . rixeco;:^f^;i)>t> 

[0 0 8 7] ^fcG a N^^a:t•^:^v'^/^^5(CO^^T 
2£ii-<yt7)^ I nGa NK. A 1 Ga NJ!g, I n N^, G 
a P^^'SI/MIG a A s m^^\^ ^ ^ ^ ^^1^^ LtTt) 

[0 0 8 8] 2 (7:>ll2fgW 2 6O|lig0iJ[C 

oi>T, micO||^£PiJ<!:I^i:<|i|i^#0BLTiJi0J-t 

[0 0 8 9] S2(7)||J£0iJTMl. SS^LT. (0 0 0 
1 ) ® S i CSg 1 1 ±1;: 1 u mm&(Dm^(DA 1 0. 1 
Gao.9 N^l 2^^h^-Cibmf&LtLi^^B^m\^^ 
tZo wOAlo. 1 Gao.9 N^12^®{CSi02 

^^^X'-^y^^ 1 4 <i:^S®igc 1 3{C5^PiL/-io iSgfii^ 
1 3 . 1 4 fl. •T:n-Fix2 xi iDj:t>'i 

0 m(7)«i(7);^ h :7^t^T'^5o y^ y")5^\t,< 
1 - 1 0 0 >:J^fS)i: L/c { {m 1 (a)). 
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t 0 0 9 0 ] 1 3 iCfigg-r ^ G a NKl 5 ti. 

I I I mmsm^i^') -^A (G a) <tj^fb7K^ (HC 1 ) 
<7)SC:^^^T'^5ie{t:^y ^ A (GaCl) (bV®^/^ 
l^\:Lr>^:^r (NH3 ) K7-< K 

vpEfeSrffli^/co s«i i^^N-r K7>< Ko^sisa 
ic-t y h L. 7K^#(a^T-^si^^ 1 0 0 onc#{g.-f- 

-So ^«iaS7!)^^^LT;6^<b. HC 1 2 0 c c / 

S»T-m^L. NH3ggft2 0 0 0 c c/S^J'T-S^^M 
gS^f^l-^r figSti^Sl 3{CG a NjKl { 1 

10 -\ 0 \) mt^^fa^yr'^y vm'^^iSL^z^^tL m 

1 (b) ) . 

[0 0 9 1 ] $e>ic. 2 o^j-rams^f^^v^-yyu^s 

^^tt. -^^^7 1 4 SrSp^T'G a Nco:7rir5/ hfllig 
1 5^^it^-lt/z (lai (c) ) o 
[0 0 9 2] :^\i*^^^y-r;\^^3:^m,\^^Z.h\z^^y 
T-fes/ h«5g^Sie>iZ^;^ (Hi (d) ) , S)^6*JIC{1, 
5 ^f^<D^^X 2 0 0 u mgg(D^iB /^^Bi^:^'r -5 G 
a N^^ff^^^-^tTt mi (e) ) o Ga NMl 5 

[0 0 9 3] ^2CO^J£^J{CJ:oT?g^$^X7tG a 

1 5{:iit. s i cgtsi 1 1 (D^^^^^mmmm^t^^ 

S5 (ct;i^;i*:b^-f ^ ^ ;^SAoTV^/^^/^^ t^^^m 
^tiito iPffic^S^trofcG a NJgJcji. 

[0 0 9 4] *:^J£^JT-^SLySlGa NKti^Pfe2)5#f^ 

30 ^^^±,^'±^^tt^^^tf^^^ 

[0 0 9 5] ^5t. S i CSffil 1 *WS^tcJ:oT^ 
^-r5^<tT% Ga NMl 5^S:K$^J|Sf<J: LTffl^^-5C 

[0 0 9 6] ^2CO^ig^fjT-(i. G a NMO:^^^^^:^?^'^ 
•yy^figSfCxN-Y K^-f KVPEjfe^ffll^T3f$^LAc;!l^ 
^IS^Mfb^^^te^:^^ (MOCVD) ^^l^T'bfn) 
«^<^^m;6q#bn^o ^7t:2^^5S^«JT-li. SiCS^Ei 
l^Wi'^^fzi^^ S i gtS. ZnOStS, Ai2 O3 S 
ffiStS. L i G a O2 StS. M g A 1 2 O4 Sffi^ 

l±lc^ii:coG a N^i 2 ^^ib;^)^i:4^?f^^S L/c;&v S 
ffil litdES-^^^J'^^iSLTt^cti^ 

[0 0 9 7] ^fz-^y^i; 1 4 <b LTS i 02 ^fflv>yt 
TS^miCPSb^^ t><7)T'(i/c^< . S i Nx ^co^fei^fr 

0 ii m 

t\.tzt^^ '^y^^m.^yhts^h(nx^^^x-hf\.aW[ 
mxi^^m^hix^. ^blc;;^ h7><:7^^< 1 - 1 0 0 

i:SiEt7):frf6)< 1 - 1 2 0 >T t <t < . wnbo:^rS)7i>^ 
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[0 0 9 8] hizmwLi 1 ±<omt LXA I 

0. 1<DA \ G a'Ni:m\^^fzt>K C OM^(ittS<?5 4> 
T*cJ: < . Z<Dmt LX^(DitL{CA \ l<i . I n G a N fj: t' 

^m\^'Xi^mm^^W)M7^mhtioo ^^biccaNomt- 

^^i^^ji^^^{zr>\,^X^^^tzi>*^^ InGaNK. Al 
G a N^, I n NJK. G a Pmh^l^itG a A s MSr^ 

t'^^i^^yu^S:Lxi>mm^m^tmhri^o ^tzf$. 

[0 0 9 9] (m 3 o^js^j) ;$:^?gcom 3 (Dmmm\z 
[0 10 0] m3<onmmxa. s^t lt. ( 1 1 

1) ®C0MgAl2 O4 Sffi2 1 ^rffiV^fCo Z(Dm& 

2 1^®{CSi02 ^2 3^ff^^L. :7^hVyyy 

h:^'y^>yX^P^i^ 2 3 t f^^^^ 
2 2{c5^giL:rco ^S«iigc2 2. io ct u^-^ ;^ 2 3 fi. 

5o ^ h 7-<:/*-fp|tl< 11-20 >*r&}i: L/c ( (El 

2 (a) ) , 

[0101] G a Nm<O^Mi't. -^y^^ 2 3 ±\Z^'^^b 

<oG a N^^Hm,^v\imi'^(D\zm\^fzy^-f k^>< kvp 

(Ga) tm^bTkm (HCl) (O^Jt^±^!^X^^mt 
:tfD^M. (GaCl) vm^Mlzr>^=^r (NH 

3 ) tf:^^m\^^^o 

[0102] 2 1 ^^:^^filCir :y h 7k 

^;t^;^^m^L?i;6sib 1 0 0 ox:u&(DWM.xmm:mL 
tz^. 5 0 ot:«c^ia$it, Hcigffi^o. scc/ 

^5>t-'#^#^L. NH3 MM I 0 0 0 c c/S5^T'5 5> 
aS^T^f ^ r t X\ ^^^af&^^m^ 2 3 2 0 n mCD 
mm<DG aNy<y 2 4 ^mj^-t^ (1212 

(b) ) p 

[0 10 3] wC^4^^T\ NHs ;^^^»^^L/^;6^ib 1 
0 0 oriC^i^-rSp ^!5c5iag;65S^LT;^^b. HC 1 
SEfi^2 0 c c/S5>T*ttjf^L. NH3 j?lftl5 00 
c c ymi^X 5 53^g^«*&-t-5 C t X\ ^SmtS. 2 2 CD 
G a N/<'y y^r — if 2 4±{;iG a NO {1-10 1} ® 
;6>b/.^5:7rir h«2t2 5 ^^iScS^it/^ (1112 

(c) ) , 

[0 10 4] Sbic, ^t'^^i^^r^\-f&^i:m^^. 

^ 2 3^S9^r'G a NM2 SOy'r-tr y ht^it^^it 

tt, Sl^WlCli. 5^ra<O^ST'2 0 0 /i mmSf^^^ifl 
?:t^®$rWi-5G a NK2 S^ff^^^itfc 2 

(d) ) o G a Nm2 5(7)?f$^^, NH3 

[0 10 5] m3 0||J£WlCj:oT?f$;S$nyS:G a NR 
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2 5(C(1, MgAl2 O4 Sffi2 1 irOft^SSS^JIft 

zt^mm^titzo Lf)-h. mmi^^^rr^tzG aNm 

[0106] *IIJS0ijT-^:^ LfcG a N^(lj>:P(S;65^^ 
(-<l^<^<. — if, FET. ^XX/HBTfj:t' 

(Om^uW^j:'ry<-(:^m^^:J&^i'^Z,tX\ yy<-^ 
i±^l^±^'^^Ztii-'^mt^j:^o ^fcMgAi2 O4 

JO m^2 i^wm^{zx^x^.^'r^ztx\ Ga^m 
2 5 ^m^unt Lxm^^^z thx^ 

[0 I 0 7] m3<DmmmXit. Ga}<im<0:^t'^^iy 

^r<s^M{k'g^^^*s^:^& (MocvD) ^m\^^xi,m 

SS2 1 ^^l^fc;5^ SiSS. ZnOSffi, SiC 
LiGa02 SS. AI2 O3 St5^^ffiV>T 

hmm^j:^^tmbti^o ^tb(cMgAi2 04 2 i 

±1^1:^-7 ^^^?g^L7t;6^ SS2 1±{CG a NJK^r 
SO hhf)^CisbJ&^\^Xi,J:\^\ 

[0 10 8] t^fz-^:^^ 1 4 LTS i O2 ^m^^^fz 
t*^:it\\zmhth^h(^X\t.^S:< . S i Nx ^O^^ft: 
iKT'tJ:l/\ ^ blC-^;^^ 2 40it®^ 1 0 AX mi: Lfc 

m;6^#<bn'5o *:^JS^JT'fl. ;^ h^-f y^^< 1 1 - 2 

;h.i:ilii:(?5:6-fSi< 1 - 1 0 0 >T-t < . z.f\.h(D^\^ 

t^hm\i>tzn&xi^^^B&^<o^mz^^ ^ figs^iScci 

[0 10 9] ^fz:^mmmx\'tmWL±,\Z.^ll^y<>yyrM 

I5|&^ J: ^>/.e < -r 6 ^ <^ i: 5o 
[0 110] $ btw. ^^SMTNi. G a NOinfi^^ix 
-t>^^^S{COl>rai-<7t7:i^ I n G a NM> A 1 G a N 
InN^. GaP^, G a A s t" ^ 

^^\.xhmm^ii^^m%ht\.^o ^bic^g-r-si i 

40 

[0 111] (m4CDMmM) ^^mcom4(Dmmm\:i 

oi^T, 113. E14 ^#BS LTlfeP^i-^o E13fliiiRW 

[0112] :^ll;^^JT-(i. LT (0 0 0 1) ® 

<5^A 1 2 O3 &&4 1 ±.{Z1 ^ mmSt(Omm<DG a N 

m4 2^;hbf)-cisf>mfiiLLfzf^&mm^m\^^fzo 

[0 113] Z(DG a NR4 2^®i;iS i O2 
5^ 4 3 t^:^«iJ«4 4lC»BflLfc„ ^S®lfE 4 4 
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4um(Om,^(OA^ ((§]3 (a) ) , —mi>'^ 3 u m 
(DE.^mi^ (133 (b) ) . ^XXf5 n mf^CD^W^iiK 

(da (c) ) (Dsmmt^j:^-^:^^ ^^ti^'tim\^^ 

/to 

[0114]??$^ Ltzf^Sm^ 4 4 (C^S-f-S GaNm 
4 5(1. II imJ^M{ZhV;<^/U:tfV^M. (TMG 
a) RXJ^h }) ^^/UTJi^^:^'yM. (TMA 1 ) tV^i^^ 

f-ficTv^^r (NH3 ) :^^^m\r^^^m^mit^ 
[ 0 1 1 5 ] 4 (1 ig] 3 (Di5^^mm^mfi^ Ltzm^±{z 

T'§^?^L. NH3 0 0 0 c c/fe5>T'l 05Jg 

^m^i-5C<i:T% ^:^«i«4 4(CG a NM4 {l 

-10 1} mt^h^a^^T-^y vmm^^^^^fz {m 

4 (a) ) o 

[0 116] ^h\Z. 3 05^raSfS^t:^^^->-^/u^S 
-^^^ 4 3 ^|g9 ^T'G a NS4 50:7r't 5/ 
(1114 (b) ) , 

a N^4 5(^:7r-t hl?|it^S*i)iA^ (114 
(c) ) . ^ 2nr^(D^S:X* 1 0 0 u mm 

&<DW'i^tj:^^^m't^G 3iNm4 5^mf&^^tfz m 

4 (d) ) , 

[0 118] 3mm(Dw^^<Di&^mmzr^f&\^tLG 
[0 119] :^m^mxjs.SLtiG a j^mi-ixmrn^ 

[0 12 0] ^^tcif:7T-rTStg4 1 Sr^li^dcto 

[0 1 2 1 ] m4<7)3|JSfiR|T-ll. G a N^COmf^zJlE^v^ 
^^^mit-^mi^^f&S:^ (MOCVD) ^ffll>Ttff] 

^?:^5a^?iM#'bn5o ^fcAi2 03 mm4i^m\^' 

tzr^^ S i Sffi, Z n OSffi. S i CSS, L i G a O 
2 Sffi. MgAl2 O4 Sffi^^ffll^Tt|S]^/jra 

^;6q#tbn5o $tb{iAi2 03 m^4i±{zmm(o 

G a N^4 2^hct>t}-Cisbmf^Ltz^-, m^4 1 ±lwiE 



^^^^ l^^^l 0-3 1 2 9 7 1 

20 

[0122] 4 3 <ir Lr S i O2 

[0 12 3] ^TtG a NcOn: fiJ^^^v^-^-yU^Sdoi/^T 
Je-</t2)^ I n G a NK. A 1 G a NM. I n NM, G 

a P^^oV^^iG a A s \i ^ ^ \y ^ h 

[0124] (s 5 5 oiijg0ij{c: 

[0125] SS5 1 iCil, 1 ju m(7:>^J¥(OG a N^5 
2;65ji^££$ixfc (0 0 0 1) SOi^P^ r r £S 5 1 ^ 

[0126] r <Dm& 5 1 ^sc: s i 02 m^mf& 

10-^>^^53ir||l(0^£S®^54(C5^8iL/Co ^1 
<^^S^iS5 4. *3J:i;^i^ 1 5 3 fi, ^ix-^ix 

<ll-20><i:Lfc(IiI5 (a))o 
[0 12 7] miO^S«l«5 4{C^S-r5^1cDGa 

N^5 5*i, ±i2o^iSMi I imm^mz.is 

^J^J^ (Ga) ^m-fk^K^ (HCl) (ORtL^±j&i^X^ 
^mt:^U^M^ (GaCl) V^j[^3H4(wr>'^^r 
(NH3 ) J^^^^VN^/N^ K^-Y KVPEfe^^^^ 

fco mm 5 1 ^^N-r k^^ Ko^:^siMic-ir kl. tk 
^#ffl^T-^fiig.Si 0 0 ot:{c:#jai-^, 6 5ot:o 
iaS;5>t>Sffi5 1 ^NH3 :^;^#[SM{::-r5o ^Sz^ 

&r-^mLxi>-C:>. Hc iMM^i 0 c cym^^xmi^ 

NH3 ^fi:4 0 0 0 c c/S5>T*6 0 5>rB^<O^:^ 

30 x\ mi(Dmmwx^mi.tzmi(D (a) 75^^ (e) co 

dcSXg^ST. ^ 1 (O-^T.^ 5 3 SriS*:>iZi>vfc^ 1 <D 
Ga Nms 5^Jf^^t-5 (IDS (b) ) o miOGa N 

mss^mf&'ik. NH3 ;t^^#ffl^-e«rg.^T?&aiL. 

[0 12 8] iS^(C. Ga NJK5 5±\ZWXJ^S i O2 K 

mX'^ . ;^ h :/:frrS](i< 1 1 - 2 0 > <i: Lfc 
(US (c) ) o wOSffisiJilc, mi<?:»IIJ£ 
mxm.^^Ltzmi<D (a) 75^6 (e) <7)^sxm^s 
T. m2<D'^P^^ 5 T^mnb^^. ioJ:^l 50Aim(D 
m2<DGa NJi5 8 ^ -tt^iBfb LfcS® ^^#/c 

(US (d) ) , 

[0 12 9] ^SL/c^2<7)Ga N^5 8<DXm^mm 

^ *^^|5feS;ff i)^ $ It 5 ^ <!: T' # 6o 
[0130] ^SCOmfeflSJ-C-ti. G a N^CO^ f =^ 
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^r^^Mfb^^^^ti^Sfe (MocvD) ^ffll^Tl>^HJ 

^/^^^:^q#tbnOo ^fzA 1 2 O3 gffi5 1 ^^l^ 
fz/>K SiStS. ZnOSffi. S i CSS. LiGaO 
2 Sffi. MgAl2 O4 Sffi^^rffli^^T t>f5l«/<^S!l 
^7j5t#6iXOo $<bl;iAl2 03 Sffi5 1±}CGaN 

-r. St5±lCG a NJ^5 2 ^^SSit-f . ilg^ 1 (7)-v 

[0131) ^fz-^;^^ 5 3 t LX S i O2 ^ i:m\^^tz 

i)'^zti{zmhti^'x^(DXitfj:< . s i Nx ^(Di&mt^ 

^$^^v'-^y^J5Sc5^CO^/^Titi-<7t7i^ I n G a NJ^. Al 
GaNK. I nNJK. Ga PK3r>5VWiGa AsJ^^in 

^si-^ I I I -vmit'^mz:^m^<DmmLxhmm 

[0132] :^^m(D^^mmX^-tG a N^O i i i - 

H^T- 5 d V N 9 ^ -e t> /.f V \ 

[0 13 3] (meo^ig^j) :*:a^0^com6O||SS^J{C 

[0134] lil 6 tC^-rSS 6 1 dli. 1 m(DmJ^<r) 
Ga NJK6 2 7!>m^^tlfz (0 0 0 l) ®CDi^:7z^T 

1 s:^l/^yi:o w<^stg 6 1 ^stc: s i 02 m^m 

^—&t h=^y^:y^X^ 1 o-v;^:;^ 6 3 <i:S i 

1 O-^^^ 6 3{i; -en^'iXS X/ m. i5j:UJ2/im 
(7^^ hy^y'-ik tLfZo :^ hy^y:^l^it. < l 1 - 2 
0 >^f^7!>^6 1 OgfSttXJi^^L/!: (He (a))« 
[ 0 1 3 5 ] m 1 6 4 (C^:^-^ 5^ 1 OG a 

(Ga) tmtTkm (hod co^ij^^^^r-fe 
5^{t::;^y -^i^ (Ga CD tvmfWMiz.T>^=^T 
(NH3 ) K^-f KVPEjfe^ffii^ 

lg^ia^T'^:g7^S 1 0 0 Ot:{C#jfit-'5o 6 5 0t:co 

;553c^LT75»b. HC 1 ?iEfi:^4 0 c c/li5^T'#fc*& 
NHs ^fi: 1 0 0 0 c c XS^^. ^^rji^y^- 
(SiH4 ) ^fi:0. 0 1 c c/^S^T' 1 5 05^r«1(O 

^ST\ mi(r>m^mxsSim\^tzmi(D (a) Tji^^b 



(12) ^53^1 0- 3 1 2 9 7 1 
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t:mw2 0 0 um(omi<r>G aNtme 5^m^-r^ m 

5 (b) ) , m 1 C7)G a N8I6 5 NH3 >y 

aNJS6 5ll. n§!T% 1 X 1 0 c m'^i^Jl±0:3|r -^^ y 

[0 13 6] G a N^^S(^U>-if«itOf^Sf{c 

^at^jSfC^^fi^SSfe (MOVPE) ^^l^Tf^ 
KUfCo Ga NK6 5^?i?fieS. MO C V DSggtCir :y 

N L. 7k^#aaT*^s?asi 0 5 ot:{c:»ia-r6o e 

^DLfcl /imOi^^OnMGa Nile 6. SiSrSs^lJDL 
feO. 4 ;/ mOj3p:SCDnSA 1 0. 15G ao.SsN^ 7 h 
^6 7. S i SraS^DL^cO. 1 /i mOil^ O n g!G a N 
^;^/-l'KS6 8, 2. 5 nmOJ¥$or > K — IT" I n 
0. 2G ao.a^&^^rmt 5 nni(Oj¥^<7:>T> K— :/i 
no.OSG ao.95NKilS;i^b>'.f'5 1 0 mm<D^A&^^ 

^mmmi^meg^ -^t/^^^^^M (Mg) ^m[}Lfz2 

0 n mO^^O pSiA 1 0. 2G a o.sN^ 7 0 . Mg^^ 
^DL^t 0. 1 ;/ mOi?$<?0p^G a N*;^^ Kg 7 1 . 
Mg^a^^Ly'cO. 4 X/ mOJS^t^p^A 1 0. 15G a 
0. SsNiJ^^ :x 7 2. Mg^S^^DLfcO. 5 mOif: 

$C0pSiGaN = >i$^^hg7 3^Jll»:?F^^Lu-if- 
Wit^f^SiLy^o pSOG a N = >-^:^^ hii 7 3 ^ff^^g 

Li/h^Jt. HN3 :^;^#H^^T1tia^-e?&aiL. j*:^ 

S^g«t OSJ ffi-r (^6 (c) ) o 2. 5nniOj?$0 
T> K— 7" I no.2G ao.8Nfi^#FJl<h 5 nmCOm^ 
<^^> K-:7'I n.o.05Gao.95NRt^S;i)-P>/^^#^SS 
^^t^F«igf&t4S 6 9 Ji. 7 8 0 t:cD?agTJ^^ LfCo 

[oi3 7]^sfeic. i^-'^-mm^mfiZLtz^yT^r 

30 S«6 1 ^^^SglCir h L. 7 r >f ZS^K 6 1 . G 
aNS62. S i O2 -^^i^^SS, joi:t)«GaNK6 
5(^5 0 Mm^^LTGa NM6 S^rSHi^F-^'So S?ttS 
L/iG a 6 5®(Clt. (T i ) -T/u^ (A 

1) (Dnmrnmi 4^mfS.L. pm(DG a^m? 3±\z 

it=^y^yU (N i) (Au) cOpS®il7 5 

-r^ me (d) ) , 

[0 13 8] 116{;i7Ft-U-ir«igT-Ji. SStCn^m 

So 

[0139] ^yt, 1^:7r-rri:Ga N^^2S»:,i:fijg 

[0 14 0] md^L. ^i^mMmxvm^ntK^&t-^s^-fs: 

i^G a N® 6 5€rJ¥<^S-r5::<t355-Ct-5;^::4^). 1^7 
T-t'TS^J^-^^i^^ifSf^r^^LT'bG a N 6 5 ±lcff^ 

50 fcG a NS6 5±<OU-if«igJivN.^||^j;:j; ij^^igc 
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±LtZo 

[0141] :^m^mxn. g a Nm e s ±ic u—^f ~ 

«lit?f^;SLT;5^b. if :7r^rSffi5 i . G a N^6 
2. S i O2 -^^^ 6 3^?^^L/:i;6^ U— tf— ffiig^r 
f^S!!-r5Hu{c-9->^r^rSS6 K GaNK6 2, Si 
O2 -^^^^ 6 3^^^LTt>|Hl^/^?J,^;dq#f3n'5o 

[0 14 2] t.tz. :^%mffiX'it. if^T-frgge 

1 . G a 6 2. S i O2 -^^^6 3(D^m. :feJ: 
U^G a NK6 5C0-SPS:WSLT. n SOSffiSrff^j* L 

a Nile 6^yt(16 5ST-»^LnSl:ller?g^L. ^ 
[0143] 

■§:^iS:-rz.tx\ f^M-t^ I I I -vmit^^^mi^m 
tm^'^^scommmw^m. :^xv^^^^^m\zx^x 

m 1 ] *«0.^co I I I - vmit^m^mt^mm:^m 30 

[I^ 2 ] A 1 G a Nl^755?f^^$nfcMg A 1 2 O4 g 
[El 4] I2!3 0^?i^4^. St;^j€?f^<S<^)j5£S^i 

^^ff^^Lfcstg±ic^tg^sfe^^i>-c I I i-vm 

\mt>\ *«P^0^6;^&^2fE]^»9i§L-r?fMLfcG 
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[me] *:%0>^(7)fiJc:g:;^fe$rffll^rjBfi5cL/::G a NfilJb 

izG a nik^MV^\^-'^-m'^^w^iSL't^TM(nmhm 

[??r-?-(?)!ftB^l 
1 1 

1 2 sffiicff^^^ixfc I I I - vmwL'^^^m.^m 

13 III -V^fb-g-fe^^fr^^S^it^^S^iac 

1 4 

16 III -vmit^^^mi^(oy T-t -y hmi^ 

21 (0001) m<Df-:7r-r rs« 

2 2 G a 

2 3 -^^^5^ 

2 5 :3ifc:*i?^=^rv--y/U^SLf:iG a NIK 

3 1 (1 1 1) ffiOMg A 1 2 O4 Sffi 

3 2 1 uTn(DG a Nm. ^tzi-lA \ C al^m 
3 2 ^ 

3 3 StRJit-JF^^LfcS i O2 m<D'^>^^ 

3 4 =^^'^^i^^J\^J&&LtzG a N^<y >^rS 

3 5 /N-r K^-r KVPEfeT'^SL/bGa NK 

4 3 

4 4 

5 1 (0 0 0 1) Si(Oifr7r>J'rS« 
5 3 ^1 O-r;^^ 

5 4 H 1 OJ5)c:^«i« 

5 5 ^1 <DG a NS 

5 6 m2 (Df^smm 

5 7 ^2(0-^^^ 

5 8 ^2C7:)G a 

6 5 nSGaNK 
6 6 n^G a Nil 

6 7 nSjA 1 0. 15G a 0. SSN^ ^ y 

6 8 nSG a 

6 9 1 Oi^^O0fifl:^^t:F«itStt® 

7 0 pSiA 1 0. 2G a 0. sNii 
7 1 p^G a NitiS^ 

7 2 pMA 1 0. 15G ao.SsN:^ ^ y VM 

7 3 pSG a N^JVt^iJ^ hm 

7 4 T i - A 1 COnS^^;^ 

7 5 N i -Au(Dpmn.^ 
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